1. Introduction {#s0005}
===============

*Heliotropium digynum*, a member of Boraginaceae family, is an erect perennial shrub, reaching to a height of 30--50 cm above the ground. The growth of the plant, as well as its size, length of inflorescence, and speed of development, depends on the amount of rain in its habitat. The study by [@b0065] is regarded as the first work mentioning the presence of the genus *Heliotropium*, in the Arabian region. It normally grows in areas with deep sand, and is found in north and north east Africa, the Arabian Peninsula, and some other areas of the Middle East ([@b0035]). In Saudi Arabia, it is found in the form of scattered populations spreading in the Hijaz region, and in the south region. It is also found in some areas of central Saudi Arabia such as Kharj, Muzahimiyah, Dir'iyyah, Zulfi, Unaizah and Rimah.

Electrophoresis method of protein has been developed for the past three decades, to solve many problems. From these advanced methods, the SDS--polyacrylamide electrophoresis discontinuous gel ([@b0050]), in accordance with ([@b0095], [@b0115]) the method which is one of the methods used in scientific studies for its several advantages, such as, it's being quick and having high-sensitivity, it divides a single protein into parts on the basis of size, and been distributed giving bands with molecular weight variety along the path of the gel ([@b0105]). This method has been used to separate proteins samples of this study to determine the molecular weight of protein separated, and identify the order of patterns of proteins resulting from the genetic expression and study of differences between proteins which have been drawn from the seeds types collected from different regions.

It is well known that the protein is composed of several particles consisting of amino acids and differ from each other depending on the order and number of amino acids or their numbers changed so if a protein differed, it would be changed to another protein, different in molecular weight, type and function, as the proteins structure happens as a result of the process of translating genetic codes ordered on the MRNA, resulting from the copy a particular gene during the process of genetic expression, and every genetic code is linked to a particular amino acid, as the order of amino acids in protein molecule matches the code order on the MRNA, therefore, each gene is coded for a particular number of polypeptides ([@b0110]). The mechanism of genetic expression through which a protein is formed as a direct producer gene expression indicates that proteins are seen on gel electrophoresis in the form of different protein patterns ([@b0055]). [@b0045] believe that change in the quality of protein is considered as a result of accumulated genetic mutation. Patterns that have been separated from the gel, are showed by the single type of growth in different locations. So the change in the genetic compound, which has been observed from the analysis of genetic fingerprint later, may result in the appearance or disappearance of type.

To the knowledge of the author, no study has been reported on protein estimation in seeds samples of *H. digynum* in Saudi Arabia. The objectives of this paper are evaluation and characterization of the protein patterns of seed storage proteins from *H. digynum*. (to characterize the leaf and seed proteins).

2. Materials and methods {#s0010}
========================

2.1. Plant material {#s0015}
-------------------

In this study, plant seeds of (*H. digynum*) collected from different locations in Saudi Arabia, Central Region; samples were given numbers that distinguish them from each other, according to the sample and location as follows:•Dyrab: samples given figures from (1 to 5) and symbol D.•Dir'iyah: samples given figures from (1 to 5) and symbol Dr.•Kharj: samples given figures from (1 to 5) symbol K.•Rumah: samples, given the figures from (1 to 5) and symbol R.

2.2. SDS-PAGE analysis {#s0020}
----------------------

After cleaning and washing the seeds, individual seeds were ground into a fine powder to extract the seed storage proteins. After defeating by washing with 10× n-butyl alcohol (v/w) and dried by vacuum, 100 mg powder of each bulk seed was added into 1.5 ml plastic Eppendorf with 1 ml 0.22 mol/L Tris-HCI buffer (pH 6.8) extraction solution, mixed thoroughly and stored at 4 °C overnight ([@b0030]). The mixture was centrifuged at 15,000 rpm for 10 min (angle rotor, 01420, 24-place, Boeco centrifuges U-320, Germany), and 200 μl of the supernatant was put in a new tube and was mixed with 800 μl (1:4, v/v) SDS-PAGE disruption mixture (125 mmol/L Tris HCl pH 6.8, (2.5%) β-mercaptoethanol, (1%) SDS, (5%) glycerol, (0.01%) bromophenol blue dye) ([@b0095]). The sample in Eppendorfs was then heated for 5 min at 95 °C. The storage protein sample solution with concentration of about 1.85--2 mg/ml ([@b0020]) was prepared for SDS-PAGE after centrifugation for 5 min. The stacking and resolving gel concentrations were maintained at 4% and 5--11% gradient, respectively. The electrophoresis was carried out under submerged mode using a tank buffer (0.025 M Tris pH 8.3, 0.192 M Glycine, (0.1%) SDS) at a constant voltage (50 V at the beginning and then 25 V) of 50 mA in a protein gel apparatus. The amount of sample was 50 μl. Gels were fixed with (10% (w/v)) TCA solution, stained with (0.25% (w/v)) Coomassie brilliant blue R250 and then de-stained with a solution containing 15 ml ethanol (15%), 175 ml acetic acid (5%) and 60 ml distilled water till the background became transparent ([@b0080]). Stock solutions were prepared before making a working solution.

2.3. Data analysis {#s0025}
------------------

The presence (1) and absence (0) of each band were analyzed in each Sample. The binary data matrix was used to calculate JSI. The genetic relationships among all cultivars analyzed were surveyed in three dendrograms, applying UPGMA and NJ using Total Lab TL and in the same way Jaccard Similarity Coefficient dendrogram using STATISTICA (ver.8) software ([@b0075], [@b0025]). The goodness of the dendrogram was assessed by bootstrap analysis with the WINBOOT program and 1000 repeated samplings with the replacement and selecting the Jaccard's Similarity Coefficient. The standard curve, to calculate molecular weight for each band, was drawn by Total Lab TL software according to MW protein markers and their pixel positions on the gel with quadratic type curve. PCA was performed by computing the data matrix ([@b0005]).

3. Results {#s0030}
==========

It was found that the amounts of protein in the sample in the study are different, although they are of the same type or from the same geographical region. Amounts ranged between (22 and 1.5) mg/g of dry weight. The less amount of protein was the group of samples collected from Dir'iyah area, and the highest amount of protein was the group of samples collected from Dyrab area in general. The other 2 areas of Alkharj and Rumah samples ranged between estimations, see [Table 1](#t0005){ref-type="table"}, [Table 2](#t0010){ref-type="table"}.Table 1Total protein in plant seed samples *H. digynum* from different locations in the central region of Saudi Arabia.Sample nameProtein quantity in mg/g dry weightD12.39D22.4D32.45D42.5D52.34Dr11.9Dr22.0Dr32.1Dr42Dr52K12.2K22.36K32.33K42.34K52.28R12.37R22.37R32.33R42.37R52.4Table 2Matrix percentage similarity of proteins separated using the software programe.D1D2D3D4D5Dr1Dr2Dr3Dr4Dr5K1K2K3K4K5R1R2R3R4R5D11.00D20.751.00D30.890.851.00D40.480.700.571.00D50.750.900.850.621.00Dr10.670.650.68*0.38*0.651.00Dr20.790.850.900.570.850.781.00Dr30.780.750.790.480.750.880.791.00Dr40.720.700.740.430.700.810.740.941.00Dr50.740.800.750.520.900.630.750.740.681.00K10.650.800.750.600.800.630.750.740.780.701.00K20.790.850.900.570.850.600.800.700.740.750.841.00K30.700.760.710.570.760.600.710.700.650.750.670.711.00K40.670.810.760.620.810.570.760.670.620.710.710.76**0.95**1.00K50.840.900.950.620.900.740.950.840.790.800.800.850.760.811.00R10.700.850.800.570.850.780.900.790.740.750.750.800.710.760.851.00R20.430.570.520.610.570.470.520.500.530.550.630.600.460.500.570.601.00R30.500.640.590.680.640.410.590.500.520.620.620.670.670.710.640.590.721.00R40.550.700.650.500.700.710.740.630.580.600.600.650.570.620.700.830.610.521.00R50.650.800.750.520.800.820.840.740.680.700.700.750.670.710.800.940.630.550.881.00

3.1. Qualitative estimation of protein by electrophoresis {#s0035}
---------------------------------------------------------

The results of the electrophoresis for existing types of proteins in samples of the type *H. digynum*, that were collected from different locations in the central region of Saudi Arabia. There was a difference in the total number of separated protein in the form of bands on the gel, and differences also in thickness of these bands and the degree of intensity, which shows the difference in the amount of proteins.

When comparing the behavior of the samples examined separately from the images [Figure 1](#f0005){ref-type="fig"}, [Figure 2](#f0010){ref-type="fig"} and [Table 1](#t0005){ref-type="table"} noted that there is a difference in the number of protein separation and it's intensity in the samples from each site, and even on the same site level. Samples D2, D5, K4, K5 gave (20) protein bands out of (23) in samples Dr2, K1, K2, K3 gave (19) protein bands while samples D3, Dr5, R3, R5 gave (18) protein package and (17) protein package in the samples D1, D4, Dr5, Dr3 and samples R2, R4 gave a 16 protein package. Finally Dr1, Dr4 gave a 15 protein package. These protein bands are varying in protein content for the reasons of thickness and thinness of the bands on the gel.Figure 1Standard curve of albumin (0.1--1) mg/ml.Figure 2Protein concentration (mg/g) in the samples seeds of *H. diygun* from different sites of from the central region of Saudi Arabia.

20 Protein bands out of 23 showed a polymorphic manner and 3 protein bands appeared in monomorphic manner. Thus, the percent of polymorphism of samples on the basis of protein results is 86.95% and the ratio of similarity between samples is 13.04%. All samples showed variety in the intensity and the emergence of protein bands at different molecular weights, according to what is shown in the [Table 1](#t0005){ref-type="table"}. It is noticeable that both Dr3 and Dr4 had contained clear and thick protein bands compared to other clear protein bands of other samples at the molecular-weight of about 80 K Da.

3.2. Similarity and difference between samples {#s0040}
----------------------------------------------

The relationship between of genetic combinations applying the matrix percentages of (SI) similarity using the program (MVSP) MVSP 3.1 -- a multivariate statistical package, where the high values of this matrix indicate a genetic similarity and lower values increases the contrast between genetic combinations studied.

Note from [Table 2](#t0010){ref-type="table"} that the least value of SI is 0.38 between genetic combinations Dr4 and D 1. In other words, these 2 samples are on a high degree of genetic divergence, while the highest value of the SI is 0.95 between genetic combinations K3 and K4 thus, these 2 samples are on a high degree of genetics convergence, and between these two values the degrees of convergence range between the remaining samples.

Cluster analysis allows division of studied species into groups, and reflects the degree of genetic convergence among them, the samples may gather within one group based on the degree of genetic convergence among them. The cluster analysis of the results obtained is done to establish a tree of genetic convergence. It was noted from the [Fig. 1](#f0005){ref-type="fig"} that the cluster analysis was divided into two major groups at the beginning in genetic dimension (% 42), under which a number of totals in the form of cluster form and gradient would be genetically divergent to convergent, and species collected from more closer sites with the same surrounding environmental conditions came more closer in genetic distance ([Figure 3](#f0015){ref-type="fig"}, [Figure 4](#f0020){ref-type="fig"}).Figure 3Comparing types of proteins between samples *H. digynum* from different locations in the central region of the image.Figure 4Comparing types of proteins between samples *H. digynum* from different locations in the central region of Saudi Arabia.

It has been found that samples Dr4 and Dr3 from Dir'iyah were taking their place in the kinship tree as an independent group, which indicates that the protein which came in the form of gel, image ([2](#f0010){ref-type="fig"}) was different from many other samples proteins on the same gel which did belong to one group ([Fig. 5](#f0025){ref-type="fig"}).Figure 5Tree of genetic kinship (dendrogram) for seeds protein of sample *H. digynum* in the central region of Saudi Arabia.

4. Discussion {#s0045}
=============

Seeds contain one or more groups of proteins that are present in high amounts and that serve to provide a store of amino acids for use during germination and seedling growth. These storage proteins are of particular importance because they determine not only the total protein content of the seed but also its quality for various end users in metabolism, ([@b0135]). In the present study, the quantity of protein ranged between 1.5 and 22 mg/g for dry weight, the highest amount of protein content was seen in samples collected from Dyrab. Perhaps this is due to the difference in the environment of plants of climatic conditions or breeding, where it is well-known that the rich materials, fertilizers, nutrients in soil play a role in the content of the plant of organic materials that is consistent with ([@b0145]).

The results for types of proteins in samples of the type *H. digynum* from different locations in the central region of Saudi Arabia showed that there is a difference in the total number of proteins separated on bands formed on the gel, thickness and differences in the degree of intensity, which shows the difference in the amount of proteins. and the cause of these differences is not exactly known, several studies showed that change in protein groups of the plant's cell is important for the plant to be able to adapt to the environmental changes, that change may be due to factors within the plant, as growth organizers or chemical materials resulting from metabolic syndrome affects the activity of genes ([@b0125], [@b0140]).

It was observed that the seeds of *H. digynum* separates into several bands by SDS-PAGE and protein-page and there are no detailed studies on proteins of *H. digynum* seeds as it is for crop plants such as artichoke ([@b0130]) and tomatoes ([@b0060]) that the difference in protein patterns of seed extracts indicates genetic differences between samples, and even between samples of the same type growing in different locations, in line with other studies about other plants seeds such as Pine ([@b0015]) and sunflower ([@b0120], [@b0100]).

Nominally versatile of protein patterns by 86.95% while gave similar formality by 13.04%, and that the density of protein bands was different between samples examined, and such manner is used in classification and showing differences between plant species in general, what is consistent with [@b0090] who adopted the electrophoresis of seeds protein to determine the classification status for the different classifying categories. Knowing that comparing the content of protein bands in this study was examined by abstractive vision, therefore, they are not accurate in identifying genetic differences, this multiform of bands indicates the existence or the possibility of differences occurrence in the genetic structure between samples.

*H. digynum* collected from different geographical locations did not meet with each other on a kinship tree, what confirms the impact of geographical region on proteins samples seeds, which is consistent with the study of ([@b0085]) on the species of kambnywla have been obtained and classified based on the proteins of seeds, where the study showed that the species of kambnywla that had been obtained from different geographical areas did not meet with each other on the kinship tree, what confirms the impact of geographical region on the proteins of species seeds themselves. [@b0070] mentioned that environmental factors affect clearly on the genetic expression of genes, as the circumstances surrounding the plant, and the cell as well has got a key role in organizing the function of the gene to do its work in genetic expression, and may discourage the work of other genes, as a result of that emergence or absence of some proteins. Plant evolutionary and physiological processes vary extremely as a result of the difference in temperatures surrounding the plant, as these are essential changes to enable plants to adapt to surrounding environmental changes.
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